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A PROCESS AND AN INTEGRATED TOOL pnn r ^ 

DEPOSITION INCLCDINgT.^ CVDSiiSc Mr™^ 



BACKGROUND OF THE INVENTION 
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->a.es « ,„ a „etad and appa.,„. f„, 
™.Me .„,.^,. ^,a„y .ed in faBHcaSon of .ec^nic devic .„e. as IZ Z 
c,rc.,3 a,d fla, pane, d,.p,ays. Mo. par.ic„,ar,y, ae invendon .,a.es ,o 1 
. 0 appa^an. for d« die,ec«c laye. on a s„b..a,e. 

Backgrnit.J of Dig 

Semiconductor device, geometries itave dramatically decreased in • 
devices were Srs. introdooed several decades a.o S 1 
generally followed .he two year/half-size „le (often called Moore's Law) which 

- - - O" a Chip donhles evety ^TZZ 

' necessa! It ^ T"^"^^ ™ " ^-me 

to .e conducve materials having ,ow resistivity and insulate, having low 

c^electnc constants wherein k < 4.0) to reduce the capacihve coupling 
adjacent metal lines Low I diel,^fri„. i, u "upimg Between 

and hv .^ ^ ^ "'""'''^ methods 

and by chemical vapor deposition ervro ., • 

o i.r . * ^ lechmques as described in Intema«o„>i 

Pubhcatton Numb^ WO 99/41423. Liuer/barrier layers including c» ■ 
been deposited adjacent the low k dieW« , 

' °" layets to prevent diffcion of byproducts such 

as motsture from the low k dielectric layer onto the conducive materia, Td t 7 
Intemahonal PubUcation Number WO 99/4,423 , '" 

eonducve metaiTi: ITTT " '"^ '^^'^"^-^ 

surface. l„e ban,er/lmer layer is typic^ly fo^ed fl.m conventional 
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siUcon based materials, such as silicon nitride, that block the diffusion of byproducts 
and/or prevent the diffusion of metal layers into the low k material. However, the 
barrier/liner layers typically have dielectric constants that are significantly greater than 4.0, 
such as silicon nitride with a dielectric constant of at least 6.0, and the high dielectric 
5 constants can result in a combined insulator layer that does not significantly reduce the 
dielectric constant. 

An example of a low k film deposition process is described in U.S. Patent No. 
5,858,457, issued to Brinker et al. Brinker et al. discloses a method for forming a low 
dielectric constant fihn having a high porosity on the substrate. The structure is generally 
10 formed by the deposition on a substrate of a sol gel precursor followed by selective 
evaporation of components of the sol gel precursor to form supramolecular assemblies. 
The assemblies are then formed into ordered porous films by the oxidative pyrolysis of the 
supra-molecular templates at approximately 400°C. However, in the Brinker at al. patent, 
the pyrolysis step requires about four hours to calcinate the sol gel into a porous film. 
Such lengths of time are incompatible with the increasing demand for higher processing 
speeds in modem semi-conductor manufacturing. 

The silica-based films, as described in Brinker et al., are porous films that are often 
hydrophilic and aggressively absorb moisture fi-om the surrounding environment. If water, 
which has a dielectric constant (k) of about 78, is absorbed by the porous film, then the 
low k dielectric properties of the porous film can be detrimentally affected. Oftenj these 
hydrophilic films are annealed to remove moisture, but this is only a temporary solution in 
a deposition process since the films are still sensitive to moisture contamination following 
this procedure. Additionally, annealing is often a time consuming process which adds to 
the processing time of tiie substrate and results in lower through put rates. Generally, to 
limit moisture contamination in hydrophilic fihns a capping -or passivation layer to prevent 
moisture contamination is deposited on the porous fihn or the film is turned fi-om a 
hydrophihc fihn to a hydrophobic fihn by a silylation process. 

One problem in depositing capping layers on porous fihns is that porous fihns, 
such as spin-coating and spray-coating porous fihns are deposited at atmosphere pressure, 
i.e., greater than about 300 Torr, and the capping layer is typically deposited by a plasma 
enhanced chemical vapor deposition (PECVD) process carried out at near vacuum 
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^„ Applied Materials. Inc. of^ - ^ ^^^^^^^ ,6 
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^^^^^^ 1, r. nrocessing cluster tools and vacuum processing 

Typically, atmosphere processing .^e retention of a vacuum or 

Have not heen integrated. Vacuum ^ ^^^^^ ^^^^^ ,eps in a process 
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no cluster tools that combine the deposition of low k dielectric materials and cappmg 
materials under both ambient atmosphere and near vacuum processing conditions. 

Therefore, there remains a need for an integrated atmosphere and vacuum system 
that can deposit and cap low k dielectric materials with high substrate throughput. Ideally, 
the integrated system will reduce contamination of deposited materials by eliminatmg one 
or more transfers between vacuum cluster tools and atmosphere cluster tools. 



SUMMARY OF THE INVENTION 

The present invention provides a process and apparatus for depositing intermetal 
10 layers, such as low dielectric constant (low k) films, and capping layers on a substrate at 
both vacuum and atmosphere, or high pressure, conditions. In one aspect of the invention, 
the apparatus is a near vacuum pressure capping layer module capable of being mounted 
on processing platforms operating at atmospheric or high pressures, which processing 
platforms may further deposit low k dielectric layers. The capping layer module has a 
15 cassette to cassette near vacuum processing system which processes multiple substrates 
having a low k dielectric layer that is deposited in the attached platform. The cappmg 
layer module is preferably a staged vacuum system which includes one or more transfer 
chambers, each transfer chamber housing a substrate handler, one or more loadlock 
chambers, one or more substrate preheating modules which optionally may be disposed m 
20 the one or more loadlock chambers, and one or more plasma enhanced chemical vapor 
deposition chambers in communication with the one or more transfer chambers. 
yfh^-l ,lha.apparates-etA^4Bveirt^ 

stations disposed in the loadlock chamber comiected to the transfer chamber^ 
module preferably has a substrate handling member with at leas^etlTTubstrate handhng 
25 blade and further includes a substrate indexing devicefopind^ing multiple substrates and 
a multi-slot preheating module for preheatin^^tes prior deposition of the capping 
layer Each PECVD chamber prefepablfhas two processing regions, each processing 
region having a heated pedest^l-^s distribution assembly, vacuum pumping assembly, 
and independent RF op^d temperature controls to provide a uniform plasma density 
over a substr^te^ce in each processing region, wherein each processing region is m 
^witfa^Te mote plasma sys Tem and the Iraiisferchambei^ 
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In another aspect of the invention, the apparatus for processing substrates is a near 
vacuum pressure capping layer module coupled with a high pressure deposition module. 
The apparatus for processing substrates comprises a high pressure deposition module, a 
first transfer chamber in communication with the high pressure deposition module, a 
5 loadlock chamber in communication with the first transfer chamber, , one or more second 
transfer chambers, each housing a substrate handler and in communication with the one or 
more loadlock chambers, a multi-slot substrate pre-heating module in communication with 
the second transfer chamber, and which may optionally be disposed in the one or more 
loadlock chambers, a substrate handUng member disposed in the second transfer chamber, 
10 and one or more processing chambers, each processing chamber defining at least one 
isolated processing region therein, wherein each processing region is connected to the one 
or more second transfer chambers. The loadlock chambers of the capping module transfer 
substrates between the first and second transfer chambers and may further provide 
substrate cooling following processing or substrate pre-heating prior to processing. 
15 The high pressure deposition module is preferably a staged atmosphere system 

which generally includes a housing containing one or more substrate spinner chambers, 
one or more substrate curing chambers, one or more substrate stripping chambers (or one 
or more annealing chambers) which may be evacuated to near vacuum conditions and are 
compatible with oxygen and/or ozone atmospheres and oxygen containing plasmas, one or 
20 more silylation deposition chambers, and a substrate handling member disposed in the 
housing of the high pressure deposition module. PreferablyjJieriJre_ajp_luxality of 
chambers, wherein each type of chamber is mounted in a vertically disposed stack within 
" the chamber. The substrate handling member is generally a two armed substrate handler, 
p'^ferablT'with independently moving arms which have access to all of the processing 
chambers within the high pressure deposition module. 

fe_^eeefdanGe-jadlh-.anothei- ^ uf the i nvention, the inv en t^^ 
process for depositing low K dielectric films having amesoperous^ffirrit^^ The low 
K dielectric fihns are deposited by curing>sol-^Sr^rsor deposited on a substrate to 
form a oxide fihn. preferabl)i.Jiex^ing1nterconnec^ pores of uniform diameter, most 
30 preferably in a cujjie-^fl^tructure, and then heating the oxide film in a non-reactive 

t a temB mtuiS-Xiflabout- 200°C to abou t-4§02Gr-pfeferafal3ramieaHftg-the- 
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oxide film at about 400°C to about 450°C, or exposing the firm to an oxidizing 
atmosphere containing a reactive oxygen species at a temperature between about 200'^C 
and about 400*^C, to form a mesoporous oxide film. The mesoporous oxide film will have 
a porosity of al least 50% and a dielectric constant between about 1.6 and about 2.2. The 
mesoporous oxide film may be used as a inter-metal layer for fabricating a dual damascene 
structure. A preferred mesoporous oxide film is produced by spin-on deposition of a sol 
gel precursor containing TEOS, water, and a surfactant in a ethanol solvent on a substrate, 
curing the sol gel precursor to form a film having interconnecting pores of uniform 
diameter, and then exposing the fihn to an ozone plasma. 

BRIEF DESCRIPTION OF THE DRAWINGS 

So that the manner in which the above recited features, advantages and objects of 
the present invention are attained and can be understood in detail, a more particular 
description of the invention, briefly summarized above, may be had by reference to the 
embodiments thereof which are illustrated in the appended drawings. 

It is to be noted, however, that the appended drawings illustrate only typical 
embodiments of this invention and are therefore not to be considered limiting of its scope, 
for the invention may admit to other equally effective embodiments. 

CJl ^ '^tgrffe 1 is a top schematic view of a radial cluster tool for batch processmj 
'Semiconductor substrates ; 

Figure 2 A is a top schematic view of one embodiment of^^r^aratus containing a 
capping module and high pressure deposition module of^^r^present invention; 

Figure 2B is a top schematic view of^^other embodiment of an apparatus 
containing a capping module and hi^h^ressure deposition module of the present 
25 invention; 

Figure 3 A is a top scj^^atic planar view of one embodiment of a capping module 
of the present invention;' 

Figure 3B ief^ top schematic view of one embodiment of a capping module of the 

present invention; 

30 Figure 4 is a perspective view of an embodiment of a loadlock chamber of the 
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jgure 5 is a top schematic view of a transfer chamber and a processing chamber 
showing a substrate handhng member of the present invention mounted in the transfer 
chamber apd in a retracted position ready for rotation within the transfer chamber or 
extension into another chamber; 

Figure 6 is a top schematic view of a transfer chamber and a processing chamber 
showing a substrate handUng member of the present invention mounted in the transfer 
chamber and ii^an extended position wherein the blades are positioned in the processing 
chamber; 

Figure 7 is a cross sectional view of a rapid thermal anneal chamber; 

Figure 8 is aV>erspective view of one embodiment of a PECVD chamber included 
in the capping modulAof the present invention; 

Figure 9 is a crosjs sectional view of the PECVD chamber of the present invention; 

Figure 10 is an ^ploded view of the gas distribution assembly for the PECVD 
chamber; 

Figure 1 1 is a top vi\w of a PECVD chamber of the present invention with the lid 
removed; 

Figure 12 is an illustratWe block diagram of the hierarchical control structure of a 
computer program for process coWol; 

Figure 13 is an illustrativeXview of the mesoporous film process showing cubic 
phase structure and mesoporous film^tructure; 

Figure 14 is a cross sectional vi^w showing a dual damascene structure comprising 
a low k silicon oxide layer and capping myer of the present invention; and 

Figures 15A-H are cross section^ views showing a dual damascene deposition 
sequence of the present inventions. 



0 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

>^^he pres et invention provides a piuuess ai ld appara tus f oi' dijpusi l iiigjj 
layers, such as low dielectric constant (low k) films,--^id:''^^ping layers on a substrate at 
both vacuum, i.e., less than aboutJ.00-ToiT^ and atmosphere, or high pressure, conditions, 
i.e., greater than a^out'^CO Torr. In one aspect of the invention, the apparatus is a near 
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r yf^Tflt in g fit n t mngpViPf]^^ or high pT-f-gS1irgf=i , ^^^^''' 1' j ' "j; p l tiH^Hin*. \ \ \ Ay lii ^ l 

deposit low k dielectric layers. The capping layer module has a cassettetp-<rSssette near 
vacuum processing system which processes multiple substrates^iwrKang a low k dielectric 
layer that is deposited in the attached platform. The capping layer module is preferably a 
staged vacuum system which includes one oj>Tfiore transfer chambers each housing a 
substrate handler, one or more loadloelc chambers, one or more multi-slot substrate 
preheating modules in communigatlon with the one or more transfer chambers and which 
optionally may be disposejHn the one or more loadlock chambers, and one or more plasma 
enhanced chemicaLAr^or deposition chambers in communication with the one or more 
transfer chainbers, Isolatable means that the processing regions have a confined plasma 
zone s^arate from the adjacent region which is selectively communicable with the 

^ont region via an ex haust system^ 
^ '^ ^hc proces s ing region& -jathi a - cudi rEC VD cliamber also preterably^inj 
separate gas distribution assemblies and RF power sources to proyide-"ffmiiform plasma 
density over a substrate surface in each processing regiarl: The PECVD chambers are 
configured to allow multiple, isolated procpss^sto be performed concurrently in at least 
two regions so that at least two,s«l5strates can be processed simultaneously in separate 
processing regions with a^high degree of process control provided by shared gas sources, 
shared exhaust s^trais, separate gas distribution assemblies, separate RF power sources, 
and separatp^mperature control systems. For ease of description, the terms processing 
regions^ chamber may be used to designate the zone in which plasma processing is 



In another aspect of the invention, the apparatus for processing substrates is a near 
vacuum pressure capping layer module coupled with a high pressure deposition module. 

25 The apparatus for processing substrates comprises a high pressure deposition module, a 
first transfer chamber in communication with the high pressure deposition module, a 
loadlock chamber in communication with the first transfer chamber, a second transfer 
chamber in commimication with the loadlock chamber, a multi-slot substrate pre-heating 
module in communication with the second transfer chamber and which may optionally be 

30 disposed in the loadlock chamber, a substrate handling member disposed in the second 
transfer chamber, and one or more processing chambers, each processing chamber defining 
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at least one isolated processing region therein, wherein each processing region is 
connected to the second transfer chamber. 

The high pressure deposition module is preferably a staged atmosphere system 
which provides processing apparatus for forming mesoporous films. The processing 
5 apparatus include one or more substrate spinner chambers for deposition of a sol gel 
precursor, one or more substrate curing chambers to remove solvent and moisture to form 
interconnecting pores of uniform diameter, preferably in a cubic phase structured film, one 
or more substrate stripping chambers (or annealing chambers) for removing surfactant 
fi^om the film to produce a mesoporous film, and one or more silylation deposition 
10 chambers if the user desires to turn the hydrophilic mesoporous film into a hydrophobic 
mesoporous film. Preferably, there are a plurality of chambers, wherein each type of 
chamber is mounted in a vertically disposed stack within the module. The high pressure 
deposition module fiirther includes a substrate handling member which is generally a dual 
bladed substrate handler that has access to all of the processing chambers within the 
ousing. 

^ Kr- aooordonco with one aspect of the invention^ tho i r rreulioil pioviJes foi^H * 
process for depositing an mesoporous oxide layer having a low dielectric cpa^fant and a 
high oxide content. The mesoporous oxide layer comprises a silica^^laterial and can be 
capped in the capping module with other dielectric materiajs-^ with an etch stop layer, 
20 e.g. for fabricating a dual damascene structure. Tpelow K dielectric layers can be 
deposited by curing a sol gel precursor to form^-rfoxide film having interconnecting pores 
of uniform diameter, preferably in a cuj;>ic phase structure then exposing the firm to an 
oxidizing atmosphere containing a r^^tive oxygen species at a temperature between about 
200°C and about 400°C, to remove the surfactant and form a mesoporous oxide film. The 
25 mesoporous oxide film wifl have a porosity of al least 50% and a dielectric constant 
between about 1.6 and/^out 2.2. The mesoporous film may also be used as a inter-metal 
dielectric layer. A/^eferred mesoporous oxide film is produced by spin-on deposition of a 
sol gel precuiwr containing tetraethylorthosililate (TEOS), water, and a surfactant in a 
ethanol soj^nt on a substrate, curing the sol gel precursor to form interconnecting pores of 
30 uniforafdiameter, preferably in a cubic phase film, and then removing the surfactant by an 
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the module 120, such as a gas panel 134, power distribution panel 136, and the computer 
control rack 138 as shown in Figure 2B and 3B. The substrate preheating station 125 
generally comprises a plurality of vertically disposed substrate holders and provides 
heating to the substrates. The substrate holder alignment and substrate heating processes 
5 are disclosed in more detail below in the description for the pre-heating loadlock chamber 
124, however, the invention contemplates other pre-heating stations. 



Transfer Chamber 

Figure 2A shows a top schemat i c- vi e w of one e m bod i ment o f Jhe-^Foeesshjig^ 
10 module 120 of the present invention. The processing module 120 encompasses^^JP^sfer 
chamber 126 inside a chamber sidewall 133. The transfer chambers includ^^si^walls 133 
and bottom 135 and are preferably machined or otherwise fabricate^i^om one piece of 
material, such as aluminum. A lid (not shown) for transfer chp*fiber 126 is supported on 
the sidewalls 133 during operation to form a vacuum ej*(51osure. The sidewall 133 of 
15 transfer chamber 126 supports processing chambersj^ and provides an attachment for a 
factory interface 122 which may contain one oj/fnore cooling/pre-heat loadlock chambers 
124 (shown in figxire 4 below) which provide access via slit valve 121 to other 
transfer chambers or act as a substratp^nsertion point for processing in the processing 
chambers 130. The sidewall 133 foj?^ansfer chamber 126 defines passage 128 and 132 on 
20 each side through which acce^o the other chambers on the system is provided. The 
passages 128 and 132 dispo^d through the sidewalls 133 can be opened and closed using 
two individual slit valy^ or a tandem slit valve assembly. The passages 128 provide 
access the factory/interface or substrate staging area 122 wherein substrates may be 
introduced into/me transfer chambers 126. The passages 132 mate with the substrate 
25 passages 6L0in process regions 618, 620 (shown in Figure 9) to allow entry of substrates 
into the/^ocessing regions 618, 620 in processing chamber 130 for positioning on the 

syh^at^ licu l ci pcd&at -al-628r- 

The processing chamber 130 and a substrate staging area 122 includes a slit valve 
opening and a slit valves 128, 132 which enable communication between the processing 
30 chamber 130, a substrate staging area 122, and the transfer chamber 126 while also 
providing vacuum isolation of the environments within each of these chambers to enable a 
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proci 



staged vacuum within the system. Sht valves and methods of controHing slit valves are 
disclosed by Tepman et al in U.S. Patent No. 5,226,632 and by Lorimer in U.S. Patent 
No. 5,363,872, both of which are incorporated herein by reference. The bottom 135 of the 
transfer chamber 126 defines a central passage (not shown) in which a substrate handler 
127, such as a substrate handler assembly, extends and is mounted to the bottom 135 of the 
transfer chamber 126. A gas purge port (not shown) is disposed through the bottom 135 of 
the transfer chamber 126 to provide a purge gas during pump down. 

uro 3D Dhowc a top s d r e matic view of another embodiment of the 
module 120 of the present invention. The second embodiment of-lhCprocessing module 
120 comprises two transfer chambers 126 A, neBipsidg-Tchamber sidewall 133. The 
transfer chambers 126 A, 126B are isolat^d-'fifom one another and are in communication 
with both the factory interfacel^2 which preferably only contains one or more coohng 
chambers, and one or mofepre-heat loadlock chambers 124 disposed perpendicular to the 
factory interfaceH'l, and one or more processing chambers 130 or one or more processing 
regions 61^<^20. The sidewall 133 for transfer chambers 126 A, 126B defines passages 
128 ajau 132 on each side through which access to the other chambers on the system is 



Substrate Handling In The Transfer Chamber of The Capping Module 

Referring to Figure 2 A, the substrates provided to the capping layer module 120 by 
the fi-ont end staging area 122 are handled by the capping layer module 120 as follows. 
Once the firont end staging area 122 is loaded, the transfer chamber fiont vacuum doors 
128 to the staging area 122 close and the transfer chamber 126 is pumped down to vacuum 
processing conditions. The transfer chamber 126 is pumped down by the single or two on- 
board vacuum pumps (not shown) disposed on the capping module 120. After vacuum 
pumping to a sufficiently low pressure and following substrate preheating in the loadlock 
124, preferably in a preheating compartment 244 (as shown in figure 4 below), the 
pneumatically actuated fi-ont vacuum doors 128 of the transfer chamber 126 open 
simultaneously allowing access between the transfer chambers 126 and the fi-ont end 
staging area 122. The substrate handling member 127 indexes the substrates held in the 
dual stack cooling/pre-heat loadlock chamber 124 located in the substrate staging area 122. 
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Then, the substrate handhng members within the transfer chamber 126, the dual bladed 
transfer chamber substrate handling member 127, simultaneously retrieve a substrate from 
each stack of the dual stack cooling/pre-heat loadlock chamber 124 located in the front end 
staging area 122 and simuUaneously transfer the substrates into the processing regions 
618, 620 of a twin processing chamber 130 or transfer the respective substrate into 
individual processing chambers 130 depending upon the capping module's 120 
configuration. Alternatively, the substrates may be pre-positioned in front of the slit valves 
132 to the processing chamber 130 during the vacuum pump. 
^ "V €>noe the suU s liale is depohiiied, the tran s fei ' Cliaiube.1 aubs li atu l l ^ldlej 
withdraw from the processing chamber 130 and the slit valves 132 ai:e-dosed. The 
substrate having already been deposited with a dielectric kyeT in the high pressure 
deposition module 101 is then deposited with a cappin&l^)^ by PECVD in the processing 
chamber 130. After processing is finished, the sMfvalves 132 are opened and the transfer 
chamber substrate handler 127 remove the>stibstrates from the processing regions 618, 620 
and deposit the substrates in the cooling compartment 242 of the dual stack cooling/pre- 
heat loadlock chamber 124. Aft^epositing a substrate in the preheating modules 124, the 
substrate handler retrieves next pair of substrates from dual stack cooling/pre-heat 
loadlock chamber 124/^ndicated in the indexing sequence. This substrate is then 
transferred, processed, and retrieved by the transfer chamber substrate handler 127 as the 
preceding subste^e. This process continues until all of the substrates of the pre-heating 
compartmenJ/244 are processed in the PECVD processing chamber 130 and deposited in 
the cooljrig compartment 244. After the last substrate is processed the slit valves 132 to 
t^gp roc essi ng -e hamber 130 are clo sed 

"7 T ^ transfer chamber 120 is then ve nt ed t o atmosphere p ressu 
such as argon, and the front vacuum doors 128 are opened. The transf^-cKamber venting 
may optionally begin as soon as the slit valves 132J;iav^'^sed after the last pair of 
substrates have been processed. This allow>th^tonsfer chamber 126 to be vented as the 
last set of substrates are beine^j:etirmed to the dual stack cooling/pre-heat loadlock 
chamber 124 which reduges^ocessing time in the capping module 120. Once venting is 
complete, the^:^igfer chamber substrate handler 112 of the high pressure deposition 
^^^ge^Hle^iui retrieve the substrates trom tne dual stack coolmg/pr"?TTeartnarfteefe-^iajnhe^ 
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[24 aild siiiiult a tHioucly unl 



IMJui^^ l in i hrTf n nt ondotagingnrcn 10? , .. rthn Vi.rtin prnTm , i 1 r | iii .jii nn mndiilc 101 . 

After the last pair of substrates in each batch have been processed and removed 
from the processing chamber 130 and the slit valves 132 have been closed, the process 
chamber cleaning process can occur preparing the processing chamber for the next batch 
of substrates. This enables the cleaning process to be ongoing in the background while the 
transfer chamber 126 is being vented and the substrates are being exchanged. 

High Pressure Deposition Module 

Referring back to Figure 3A, another embodiment of the invention the capping 
layer module 120 is coupled with a high pressure deposition module 101 via a substrate 
staging area 122. The high pressure deposition module 101 preferably deposits dielectric 
materials, such as mesoporous oxide fihns discussed below, and is often referred to as the 
high pressure deposition module. The high pressure deposition module 101 is a near 
atmosphere pressure processing module for deposition of films, where high pressure, or 
near atmospheric pressure, is defined herein as pressures of about 300 Torr and greater, 
and preferably at pressure of greater than 500 Torr. 

The coupled capping layer module 120 and high pressure deposition module 101 
form the processing system 100 of the present invention. The substrate staging area 122 
uses the dual stack cooling/pre-heat loadlock chamber 124 to transfer substrates between 
the capping layer module 120 and the high pressure deposition module 101. The high 
pressure deposition module 101 is preferably a staged atmosphere system which includes 
one or more substrate spinner chambers 114 with respective slit valves 113, one or more 
substrate curing chambers 116 with respective slit valves 115, one or more substrate 
stripping chambers 118 with respective slit valves 117, one or more silylation deposition 
chambers 123 with respective slit valves 119, dual stack cooling stations 110 in cooling 
station 1 1 1, and a substrate handling member 1 12 disposed in the transfer chamber 108 of 
the high pressure deposition module 101. Preferably^ there are at least one of each spinner 
1 14, curing 1 16, stripping 1 18, and silylation 123 chambers, wherein each type of chamber 
is mounted in a vertically spaced stack within the transfer chamber 108 of the high 
pressure deposition module 101. 
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As shown in Figure 3B, the chambers, such as the one or more substrate curing 
chambers 1 16 may be mounted on or in loadlock 124 for efficient conservation of space. 
The substrate handling member 112 is generally a two armed substrate handler 112, 
preferably having two arms with independent rotational movement, with each ann capable 
of accessing the various chambers within the transfer chamber 108 of the module 101. 
Alternatively, the two armed substrate handler 1 12 may have tandem moving arms and 
preferably of the same model as the substrate handler 127 of the capping layer module 
120. 

^ /Tilt! fiunl end-s taging area 102 of the higli pro33Ufc dcposiliun Jit edtri»^ej:3l£ttig 
processing system 100 typically has one or more substrate cassettgs-.iOS'Iil^ilmed in a 
horizontally spaced relationship from one another on^^stSgmg platform 102 which is 
coupled to the transfer chamber 108 of the high-f^^sure deposition module 101. The 
substrate cassettes 106 are adapted to s^f,^& plurality of substrates mounted in a spaced 
vertical arrangement. The substr^te^settes 106 preferably includes two or more cassette 
plates (not shown) or othei>s(Ibstrate supports disposed in a spaced vertical relationship to 
support the substrates^^osed therein in a stacked vertical arrangement. A substrate rest 
103 may be dis^a^d between the dual stack cooling stations 110 in cooling station 111 
and the loa^ks 106 to provide a cooling rest for substrates during substrate exchange 
betweeij/fhe cooling station 111 and the loadlocks 106. Alternatively, the substrate rest 
103^ay provide a preheating station for substrates passing into the module 101 for 

A . p a ir o fLa nbstrate ha ndlers, nr sta p ii -i ^ .. ii hu i ..-n^ ImrHl I rr; \ \V \ ^ nfr^ i1i"porrd lu-lhL~ 
front end staging area 102. The staging substrate handlers 104 are^adapfedlTload a 
substrate into and remove a substrate from the high pre^iy»-d^^^n module 101 or the 
substrate cassettes 106 of the high pressuredepeslfi^Tmodule 101, wherein the staging 
substrate handler 104 is preferablypositi5n5 between the substrate cassettes 106 and the 
dual stack cooling stations HPofthe high pressure deposition module 101. Preferably, the 
staging substrate han^]efto4 includes a substrate indexing system to index the substrates 
in each substr^je^ssette 106 in preparation for loading the substrates into high pressure 
depositjpifmodule 101. One substrate handler with a substrate mapping system used 
>g^<^tageously-m-thc-preseB t system i c availabl e fi - uni EuuiDDe Teeh«ftWai^nP_ai^d-i^ . 
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ti a. as MndH 4 ^. ATM 103 br 10/. Ihe substrate r 
verifies the number of substrates andori«itati^^ 106 
before transfemngjhe^^ chamber 108 of the high pressure 

^d^estttgs^ mudineTorfur dlelec Li lc layer deposft ion:^ 

The high pressure deposition module 101 shown in Figure 3A contains two 
vertically stacked dual substrate spinner chambers 114, two columns of four vertically 
stacked substrate curing chambers 116, four twin vertically stacked substrate stripping 
chambers 118 and silylation deposition chambers 123. All of the vertically stacked 
chambers face a substrate handler 1 12 disposed centrally to chambers 1 14, 1 16, 1 18, 123. 



Substrate Handling In The High Pressure Deposition Module 

The dielectric substrate handling process begins with the staging substrate handlers 
104 indexing the substrates in each substrate cassette 106. Once indexed, the subsiTates 
are transferred by the staging substrate handlers 104 to the dual stack cooling stations 1 10 
in cooling station 111 The high pressure deposition module substrate handler 112 
retrieves a substrate fi-om the dual stack cooHng stations 1 10 and transfers the substrate to 
the dielectric substrate spinner chamber 114 for deposition of a sol gel precursor layer. 
The module substrate handler 112 may fill up the substrate spinner chamber 114 before 
processing occurs or may be programmed for multiple spimier chambers to deposit 
substrates in the substrate spimier modules 1 14 while one or more spinner modules 1 14 are 
processing a substrate. Once the sol gel precursor has been deposited, the module substrate 
handler 112 retrieves the substrate and transfers the substrate to a curing or baking 
chamber 116. Due to the relative length of curing compared to other process step in the 
dielectric layer deposition sequence, a proportionately larger number of curing chambers 
116, preferably about 8 curing chambers per two dual substrate spinner chamber 114, are 
located within the transfer chamber 108 of the module 101. The module substrate handler 
112 may be programmed to fill up the curing chambers 116 with spin-on deposited 
substrates prior to processing or may be programmed to load and unload substrates in the 
curing chambers 116 as desired. After, the desired amount of curing has been achieved, 
30 the substrate is transfeired to a substrate stripping chamber 118. The substrate is placed 
within the ozone stripper for removal of surfactant remaining in the cured sol gel 
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precursor. While, not shown, an optional anneal chamber may be disposed in the transfer 
chamber 108 of the module 101 for amiealing the substrate to remove moisture, solvents, 
or surfactants from the substrate to either prepare the substrate for the ozone strip or 
provide an alternative method of fonning the mesoporous fihn besides by ozone stripping. 

If the deposited dielectric film is to be silylated, the substrate is then retrieved from 
the substrate stripping chamber 118 and transferred to the silylation chamber 123. 
Alternatively, for a capping layer to be deposited, the substrate is transfeired to the 
substrate staging area 122 for the capping layer module 120. Once processed by either the 
silylation chamber 123 or the capping module 120, the substrate handler 112 retrieves the 
substrate and transfers the substrate to the substrate cassettes 106 via the dual stack 
cooling stations 110. 
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Front End Staging Area 

"7 - Referring back to -Bgui ^s ?. and 3 tht- ftrt o pr interfaco or aubotrate staging 
122 is an atmosphere pressure apparatus which allows quick transfer fronph^^^I^trate 
staging area to chambers, such as the high pressure depositionmSaule 101 prior to 
vacuum pumping, that typically operate at or near atmos^ljerg^sures. Figure 3 A shows 
the front end staging area 102 of the modulel^J.^^?fa preferably includes a dual stack 
cooling/pre-heat loadlock chamber 124;,a<^one or more substrate cassettes mounted 
within the dual stack cooling/pre^ljegtloadlock chamber 124 for processing. The substrate 
cassettes are designed tosp^n a plurality of substrates in a spaced vertical relation, 
wherein substrate hanifiiig members 1 12, 127 may deposit and retrieve the substrates from 
opposites sideXthe substrate cassettes. In the alternative embodiment shown in Figure 
2A, the>£dlock chamber 124 also fimctions as a cooling station for subsfrate transport 
b ettveen m odales lOl and 120, an? 



re^eaiiiig perfu me d in a separate oham bet^ 
Substrates housed in the cooling/pre-heat loadlock chamber 124 prior to or after 
processing are loaded into the module 120 through one or more transfer chamber doors 
128 (shown in Figure 2 A) disposed through transfer chamber sidewall 133. A substrate 
handler 127 in the transfer chamber 126 is located adjacent to cooling/pre-heat loadlock 
chamber 124 and the transfer chamber doors 128. Preferably, the substrate handler 127 
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includes a substrate mapping system to index the substrates in each substrate cassette in 
preparation for loading and unloading the substrates into the processing chambers 130 
mounted to the transfer chamber 126. 

The substrate handler 127 can enter the load lock chamber 124 at the same time as 
another substrate handler 112 (shown in Figure 3A) since the load lock is at atmosphere 
for transferring the substrates to the load lock chamber 124 from the high pressure 
deposition module 101. The opening in the side 128 of the transfer chamber 126 will have 
been closed prior to vacuum pumping of the transfer chamber 126 which is done prior to 
transferring the substrates into the processing chamber 130 for deposition of a capping 
layer. 
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IMial Position Loadlock Chamber 

1^ ^ ^i^;^^'- 1 chowo g cutaway | u .ii .|.,., fi i ,, | I i ii j^ i i irr hci H l u adluu L 

chamber 124 of the present invention. The cooling/pre-heat loadlo^de-SHamber 124 
includes chamber walls 202, a bottom 204, and a Hd 206. Th^.eil^^i^24 includes two 
separate environments or compartments 242, 254^-^a transfer region 246. 
Compartments 242, 244 include a substrate^e^^ in each compartment 242, 244 to 
support the substrates therein. Each;>eli5j^tment 242, 244 includes a support platform 
248 and a top platform 250 todpfifjJthe bottom and top of the compartments 242, 244. A 
support wall 252 may be^jji^sed vertically within the compartments 242, 244 to support 
platforms 248, 250X^ spaced relationship. Transfer region 246 includes one or more 
passages 121^fpfVoviding access from the cooling/pre-heat loadloack chamber 124 into 
the trans^ef^hambers 108, 126. Passages 121 are preferably opened and closed using sht 

Compartment 242 provides a cooling station for substrates following processing in 
the processing chambers of transfer chamber 108 or in the capping module 120. In the 
alternative embodiment shown in Figure 2A, both compartments 242, 244 may provide 
cooling stations for substrates following processing in the processing chambers of transfer 
chmnber 108 or in the capping module 120. 

Iff' ^^^'"^'^^P^^^^ W illi lu pc L t Lu L umpiuiuiuil 242 , UiereBy 

■a. pre-heat module -p rinr tn proce so ing of thcr -sttfas fratea in the preeessing. 
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Chambof s 130 o f tl i c L jppliig m vi M ^4 20 , The - heatin g compaitm eiil 244 preterablyj arr 
heating element, such as a heating lamp, fluid heat exchanger,,...0i-ffTi^^ heating 
element, to heat substrates individually therein^,j:>F-^IfS^a^ may have a heating 
element for heating all substrates^v^othiirThe 244 concurrently. In another 

embodiment of thej5^dkje^24, the curing modules 116 may be mounted in the pre- 
heatingc9pip3ftaent 244, thereby providing curing of the deposited film or pre-heating of 
<&£suhsl^ate-pfto^ processing m module 120 while efficiently conserving sp^^ 

Compartments 242, 244 are each connected to an elevator shaft 224, each of which 
is connected to a motor, such as a stepper motor or the like, to move the compartments 
upwardly or downwardly within the cooling/pre-heat loadloack chamber 124. A sealing 
flange 256 is disposed peripherally within the cooling/pre-heat loadloack chamber 124 to 
provide a sealing surface for support platform 248 of compartment 242. Sealing flange 
258 is similarly disposed to provide a sealing surface for support platform 250 of 
compartment 244. The compartments 242, 244 are isolated from one another by sealing 
flanges 256, 258 to provide independent staged vacuum of the compartments 242, 244 
within the cooling/pre-heat loadloack chamber 124. 

A back side pressure is maintained in spaces 260, 262 through a vacuum port 
disposed therein. A vacuum pump is connected to the spaces 260, 262 via exhaust lines 
264 so that a high vacuum can be provided in the spaces 260, 262 to assist in sealing the 
platforms 248, 250 against the sealing flanges 256, 258. 

In operation, compartments 242, 244 can be loaded or unloaded in the position 
shown in Figure 4. Loading doors and actuators (not shown), are provided through the 
front wall (not shown) at the upper and lower limits of the cooling/pre-heat loadloack 
chamber 124 corresponding with compartments 242, 244. The pressure in a selected 
compartment is pumped down after substrates have been loaded into the compartment via 
exhaust lines 287, 289 and the selected compartment is moved into the transfer region 246. 
Compartments 242, 244 move independently into the transfer region 246 by the stepper 
motor. The advantage of having upper and lower compartments 242, 244 is that 
processing of one set of substrates can occur while a second set of substrates is loaded into 
the other compartment and that compartment is pumped down to the appropriate pressure 
so that the compartment can be moved into the transfer region 246 and in communication 
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with the transfer chambers 108, 126. 



Transfer Chamber Substrate Handler 

Figure 5 shows a top schematic view of one embodiment of a magnetically coupled 
substrate handler 500 of the present invention in a retracted position for rotating freely 
within the transfer chamber 126 (and alternatively in the transfer chamber 108, described 
in detail above). A substrate handler having dual substrate handling blades 520, 522 is 
located within the transfer chamber 126 to transfer the substrates 502 from one chamber to 
another. A "very high productivity" (VHP) type subsfrate handler which can be modified 
and used to advantage in the present invention is the subject of U.S. Patent No. 5,469,035 
issued on Nov. 21, 1995, entitled "Two-axis Magnetically Coupled Substrate handler", and 
is incorporated herein by reference. 

The magnetically coupled substrate handler 500 comprises a frog-leg type 
assembly connected between two vacuum side hubs (also referred to as magnetic clamps) 
and dual substrate blades 520, 522 to provide both radial and rotational movement of the 
substrate handler blades within a fixed plane. Radial and rotational movements can be 
coordinated or combined in order to pickup, transfer, and deliver two substrates from one 
location within the system 100 to another, such as from one processing chamber 130, to 
another chamber, such as the loadlock 124. In the embodiment shown in Figure 2B, a 
single armed robot is disposed in fransfer chambers 126A, 126B. 

The substrate handler includes a first strut 504 rigidly attached to a first magnet 
clamp 524 at point 525 and a second strut 506 rigidly attached to a second magnet clamp 
526 (disposed concentrically below the first magnet clamp 524) at point 527. A third strut 
508 is attached by a pivot 510 to strut 504 and by a pivot 512 to the subsfrate blade 
assembly 540. A fourth strut 514 is attached by a pivot 516 to strut 506 and by a pivot 518 
to the subsfrate blade assembly 540. The structure of struts 504, 508, 506, 514 and pivots 
510, 512, 516, 518 form a "frog leg" type connection between the subsfrate blade assembly 
540 and the magnet clamps 524, 526. 

When magnet clamps 524, 526 rotate in the same direction wiUi the same angular 
velocity, then subsfrate handler 500 also rotates about axis A in this same direction with 
the same velocity. When magnet clamps 524, 526 rotate in opposite directions with the 
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same absolute angular velocity, then there is no rotation of assembly 500, but instead, 
there is linear radial movement of substrate blade assembly 540 to a position illustrated in 
Figure 6. 

Two substrates 502 are shown loaded on the substrate blade assembly 540 to 
illustrate that the individual substrate blades 520, 522 can be extended through individual 
substrate passages 132 in sidewall 133 of the transfer chamber 126 to transfer the 
substrates 502 into or out of the processing regions 618, 620 of the chambers 130. The 
magnetically coupled substrate handler 500 is controlled by the relative rotational motion 
of the magnet clamps 524, 526 corresponding to the relative speed of two motors. A first 
operational mode is provided in which both motors cause the magnet clamps 524, 526 to 
rotate in the same direction at the same speed. Because this mode causes no relative 
motion of the magnet clamps, the substrate handler will merely rotate about a central axis 
A, typically fi-om a position suitable for substrate exchange with one pair of processing 
regions 618, 620 to a position suitable for substrate exchange with another pair of 
processing regions. 

Furthermore, as the fully retracted substrate handler is rotated about the central axis 
A, the outermost radial points 548 along the edge of the substrate define a minimum 
circular region 550 required to rotate the substrate handler. The magnetically coupled 
substrate handler also provides a second mode in which both motors cause the magnet 
clamps 524, 526 to rotate in opposite directions at the same speed. This second mode is 
used to extend the substrate blades 520, 522 of the substrate blade assembly 540 through 
the passages 132 and into the processing regions 618, 620 or, conversely, to withdraw the 
blades therefi-om. Other combinations of motor rotation can be used to provide 
simultaneous extension or retraction of the substrate blade assembly 540 as the substrate 
handler 500 is being rotated about axis A. 

To keep the substrate blades 520, 522 of the substrate blade assembly 540 directed 
radially away fi-om the rotational axis A, an interlocking mechanism is used between the 
pivots or cams 512, 518 to assure an equal and opposite angular rotation of each pivot. The 
interlocking mechanism may take on many designs, including intermeshed gears or straps 
pulled around the pivots in a figure-8 pattern or the equivalent. One preferred interlocking 
mechanism is a pair of metal straps 542 and 544 that are coupled to and extend between 
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the pivots 512, 518 of the substrate blade assembly 540. The straps 542, 544 connect the 
pivots 512, 518. It is preferred that the straps 542, 544 be individually adjustable and 
positioned one above the other. In Figures 5 and 6, the straps are also shown passing 
around a rod 546 at the base of the U-shaped dual blade. When a dual bladed tandem 
substrate handler is used in transfer chamber 126, the above described substrate handler is 
pre^rably utilized. 

allows Ulc subsualc handler arms and blade assembly of Tigure ^J^-iiT r 
extended position. This extension is accomplished by the simul^ie&ag^^id^^^^tation 
of magnet clamp 526 in a clock-wise direction ancl-niag^^clamp 524 in a counter- 
clockwise rotation. The individual blade5,-52tjr522 of the substrate blade assembly 540 
are sufficiently long to extendjhi»tlghthe passages 132 and center the substrates 502 over 
the pedestals 628 (SeeFjgri?^). Once the substrates 502 have been lifted from the blades 
by a pair ofli^-^assemblies, then the blades are retracted and the passages 132 are 
djsya silt vaive ana acmator as descnbed above> 



clo 



Stripping Chamber 

P ^ rigui-a 7 ia a croaa jcc t i u nal view uf an L-Auiiplaiy aubatiati, Miippiiig climii 
the invention. More particularly. Figure 7 is a rapid Xhcrm^^jsme^r^^^^ ihaX is 
capable of both a non-reactive gas anneal and anoxjdizing'g^trip of a deposited fihn. 
The substrate stripping chamber or rapidJaerftmUnneal (RTA) chamber 1 18 is preferably 
connected to the transfer chambef^ The high pressure deposition module 101, as 
shown in Figures 2apd<^ preferably comprises two RTA chambers 118 preferably 
disposed onopptJ^g sides of the transfer chamber 108 from the capping module 120, 
withtije^bstrates are transferred into and out of the RTA chamber 118 by the substrate 

Thermal anneal process chambers are generally well known in the art, and rapid 
thermal anneal chambers are typically utilized in substrate processing systems to modify 
the properties of the deposited materials. According to the invention, the annealing 
chambers 1 18, are used to perform as a surfactant strip by a high temperature anneal in the 
presence of a reactant gas or an oxidation of the exposed fihn to remove the surfactant. 
One particular thermal anneal chamber usefiil for the present invention is the WxZ 
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chamber available from Applied materials, Inc., located in Santa Clara, California. 
Although the invention is described using a hot plate rapid thermal anneal chamber, the 
invention contemplates application of other thermal anneal chambers suitable for carrying 
out the processes of the invention. 

heater 907 and a plurality of substrate support pins 906. The enclosurs-permdild^a base 
908, a sidewall 910 and a top 912. Preferably, a cold plate-9lfirdisposed below the top 
912 of the enclosure. Alternatively, the cold^l^t^lThitegrally formed as part of the top 
912 of the enclosure. Preferably, argflS^ insulator dish 914 is disposed inside the 
enclosure 902 on the base 908,,„^li^eflector insulator dish 914 is typically made from a 
material such as quartZj^aiumina, or other material that can withstand high temperatures 
{i.e., greater than^b^t 500°C), and act as a thermal insulator between the heater 907 and 
the encl^}i!^02. The dish 914 may also be coated with a reflective material, such as 
^ga klrln riirF i C tjrearback to the heater plaTe-9Q4 

m ^ li^iiltJi plaic 9U4 piufeiabiy has a large mass compareSlol 
processed in the system and is preferably fabricated from a material supWTlni^ 
carbide, quartz, or other materials that do not react with any amjjiefirgases in the RTA 
chamber 1 18 or with the subsfrate material. The heater 99>t5^11y comprises a resistive 
heating element or a conductive/radiant heat soijFeg^d is disposed between the heated 
plate 906 and the reflector insulator dish^91^The heater 907 is connected to a power 
source 916 which supplies the epefgy needed to heat the heater 907. Preferably, a 
thermocouple 920 is disposgd^a conduit 922, disposed through the base 908 and dish 
914, and extends int^^ heater plate 904. The thermocouple 920 is connected to a 
controller 921 ajrfl supplies temperature measurements to the controller 921. The 
controller^2fthen increases or decreases the heat supplied by the heater 907 according to 
thgOgT fiporaturc n i e asmemart tf - diiU tiie desued amieal reiT ipCTatttfe. 

The enclosure 902 preferably includes a cooling member 918 disposed outside of 
the enclosure 902 in thennal contact with the sidewall 910 to cool the enclosure 902. 
Alternatively, one or more cooling channels (not shown) are formed within the sidewall 
910 to control the temperature of the enclosure 902. The cold plate 913 disposed on the 
inside surface of the top 912 cools a substrate that is positioned in close proximity to the 
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cold plate 913. 

7 ff T A rhamJier 1 18 incliidfis a sl it valve 9?? dicp nc^^H 
the enclosure 902 for facilitating transfers of substrates into andoiit-ef^RTA chamber 
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118. The slit valve 922 selectivelyjea^^ on the sidewall 910 of the 

enclosure that commjimeatgr^;iirfl^ansfer chamber 108. The substrate handler 112 

iiiJ out of ihe Kl A chamb er through the upeilillg ^> 24t^ 



The substrate support pins 906 preferably comprise distally tapered members 
constructed from quartz, aluminum oxide, silicon carbide, or other high temperature 
resistant materials. Each substrate support pin 906 is disposed within a tubular conduit 
926, preferably made of a heat and oxidation resistant material, that extends through the 
heater plate 904. The substrate support pins 906 are connected to a lift plate 928 for 
moving the substrate support pins 906 in a uniform mamier. The lift plate 928 is attached 
to an to an actuator 930, such as a stepper motor, through a lift shaft 932 that moves the 
lift plate 928 to facilitate positioning of a substrate at various vertical positions within the 
RTA chamber. The lift shaft 932 extends through the base 908 of the enclosure 902 and is 
s^led by a sealing flange 934 disposed around the shaft. 
V 1 t^aiibftii a subsfa'ate4BtcUli e _ RTA chamber 1 1M l ic & li t valve 922 its opened^a ^ 
the loading station transfer substrate handler 228 extends its ^\xhs\x^\Q^^^sf^^^mg 
a substrate positioned thereon through the opening 924>te-fKrRTA chamber. The 
substrate handler blade of the loading stationjrapsftT^ate handler 228 positions the 
substrate in the RTA chamber abovetiip-^,g^ ^late 904, and the substrate support pins 
906 are extended upwards to^j^-thTsubstrate above the substrate handler blade. The 
substrate handler bladetjjefr^Ttracts out of the RTA chamber, and the slit valve 922 closes 
the opening. The^trate support pins 906 are then retracted to lower the substrate to a 
desireddistari^from the heater plate 904. Optionally, the substrate support pins 906 may 
reisagirTully tu place the-substrateja-drrecr^omac rwllli Hit; lit atei^^late. 

Preferably, a gas inlet 936 is disposed through the sidewall 910 of the enclosure 
902 to allow selected gas flow into the RTA chamber 118 during the anneal treatment 
process. The gas inlet 936 is connected to a gas source 938 through a valve 940 for 
controlling the flow of the gas into the RTA chamber 118. The gas source 938 can 
provide a non-reactive gas for high temperature amiealing or can be a remote unit 
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providing an oxidizing gas. preferably a ozone plasma, to the annealing chamber 1 18 for 
oxidation of an exposed substrate film. A gas outlet 942 is preferably disposed at a lower 
portion of the sidewall 910 of the enclosure 902 to exhaust the gases in the RTA chamber 
and is preferably connected to a reliefi'check valve 944 to prevent backstreaming of 
atmosphere fi-om outside of the chamber. Optionally, the gas outlet 942 is connected to a 
vacuum pump (not shown) to exhaust the RTA chamber to a desired vacuum level during 
an anneal treatment. 

According to the invention, a substrate is annealed in the RTA chamber 118 after 
the deposition of an oxide film. Preferably, for a high temperature non-reactive gas 
anneal, the RTA chamber 1 18 is maintained at about atmospheric pressure, and the oxygen 
content inside the RTA chamber 118 is controlled to less than about 100 ppm during the 
anneal treatment process. Preferably, the ambient environment inside the RTA chamber 
118 comprises nitrogen (N^) or a combination of nitrogen (N^) and less than about 4% 
hydrogen (H^), and the ambient gas flow into the RTA chamber 118 is maintained at 
greater than 20 liters/min to control the oxygen content to less than 100 ppm. The 
substrate is annealed at a temperature between about 200°C and about 45000 for between 
about 30 seconds and 30 minutes, and more preferably, between about 40000 and about 
45000 for between about 30 seconds and 5 minutes. Rapid thermal anneal processing 
typically requires a temperature increase of at least 50°C per second. To provide the 
required rate of temperature increase for the substrate during the anneal treatment, the 
heater plate is preferably maintained at between about SSO^C and about 4500C, and the 
substrate is preferably positioned at between about 0 mm (i.e., contacting the heater plate) 
and about 20 mm fi-om the heater plate for the duration of the anneal treatment process. 

For an oxidation strip of the substrate, the RTA chamber 118 is maintained at 
about a pressure fi-om about 1 Torr to about 10 Totr, with the oxidation gases composing 
oxygen or ozone at high temperatures, or an oxygen containing plasma. Preferably, the 
oxidation is preferably performed on substrate surfaces containing materials that are not 
sensitive to or reactive with oxygen. Preferably, the oxidizing gas flow into the RTA 
chamber 118 is maintained at a high flow rate, such as greater than (20) liters/min, to 
provide for a thorough oxygen strip of the exposed film on the substrate. During the 
oxygen strip process, the substrate is heated to a temperature between about 2000C and 
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about 450°C for between about 30 seconds and 30 minutes, and more preferably, between 
about 350°C and about 400°C for between about 30 seconds and 5 minutes. The oxidizing 
gas is received from an oxygen source (not shown) that may also treat the gas to provide 
oxygen species from a remote plasma generator RF or a remote microwave generator (not 
shown). 

(O 1 Aft er tho Dtnppmg pwtLi s S in uu ni pl etcd, the su bs trate support pins " Qg hft thr " 
substrate to a position for transfer out of the RTA chea^e^.X^r-T^^r^'^J^ 922 opens, 
and the substrate handler 112 oftiieJiaitsfef'^iiieT 108 is extended into the RTA 
chamber and positionedjjete^^ substrate. The substrate support pins 906 retract to 
lower thesubgtFafeonto the substrate handler blade, and the substrate handler blade then 
rrtrarTfTniit of thr T?TA diiiiLiI 



Process Chambers 

Figure 8 shows a perspective view of one embodiment of a tandem processing 
chamber 130. Chamber body 602 is mounted or otherwise connected to the transfer 
chamber 126 and includes two processing regions in which individual substrates are 
concurrently processed. The chamber body 602 supports a lid 604 which is hindgedly 
attached to the chamber body 602 and includes one or more gas distribution systems 608 
disposed therethrough for delivering reactant and cleaning gases into multiple processing 
regions. 

Figure 9 shows a schematic cross-sectional view of the chamber 126 defining two 
processing regions 618, 620. Chamber body 602 includes sidewall 612, interior wall 614 
and bottom wall 616 which define the two processing regions 618, 620. The bottom wall 
616 in each processing region 618, 620 defines at least two passages 622, 624 through 
which a stem 626 of a pedestal heater 628 and a rod 630 of a substrate lift pin assembly are 
disposed, respectively. A pedestal hft assembly and the substrate lift will be described in 
detail below. 

The sidewall 612 and the interior wall 614 define two cylindrical annular 
processing regions 618, 620. A circumferential pumping channel 625 is formed in the 
chamber walls defining the cylindrical processing regions 618, 620 for exhausting gases 
from the processing regions 618, 620 and controlling the pressure within each region 618, 
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620. A chamber liner or insert 627, preferably made of ceramic or the like, is disposed in 
each processing region 618, 620 to define the lateral boundary of each processing region 
and to protect the chamber walls 612, 614 from the corrosive processing environment and 
to maintain an electrically isolated plasma environment between the electrodes. The liner 
627 is supported in the chamber on a ledge 629 formed in the walls 612, 614 of each 
processing region 618, 620. The liner includes a plurality of exhaust ports 631, or 
circumferential slots, disposed therethrough and in communication with the pumping 
channel 625 formed in the chamber walls. Preferably, there are about twenty four ports 
631 disposed through each liner 627 which are spaced apart by about 15° and located 
about the periphery of the processing regions 618, 620. While twenty four ports are 
preferred, any number can be employed to achieve the desired pumping rate and 
uniformity. In addition to the number of ports, the height of the ports relative to the face 
plate of the gas distribution system is controlled to provide an optimal gas flow pattern 
over the substrate during processing. 

Figure 1 1 shows a cross sectional view of the chamber illustrating the exhaust 
system of the present invention. The pumping channels 625 of each processing region 618, 
620 are preferably connected to a common exhaust pump via a common exhaust channel 
619. The exhaust channel 619 is connected to the pumping channel 625 of each region 
618, 620 by exhaust conduits 621. The exhaust channel 619 is connected to an exhaust 
pump (not shown) via an exhaust line (not shown). Each region is preferably pumped 
down to a selected pressure by the pump and the connected exhaust system allows 
equalization of the pressure within each region. The pump is preferably a high vacuum 
turbo pump capable of providing milliTorr pressures with very low vibration. One 
vacuum source used to advantage is available from Edward High Vacuum. 

Referring back to Figure 9, each of the processing regions 618, 620 also preferably 
include a gas distribution assembly 608 disposed through the chamber lid 604 to deliver 
gases into the processing regions 618, 620, preferably from the same gas source. The gas 
distribution system 608 of each processing region includes a gas inlet passage 640 which 
delivers gas into a shower head assembly 642. The shower head assembly 642 is 
comprised of an annular base plate 648 having a blocker plate 644 disposed intermediate a 
face plate 646. An RF feedthrough provides a bias potential to the showerhead assembly 
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to facilitate generation of a plasma between the face plate 646 of the showerhead assembly 
and the heater pedestal 628. A cooling channel 652 is formed in a base plate 648 of each 
gas distribution system 608 to cool the plate during operation. An inlet 655 delivers a 
coolant fluid, such as water or the like, into the channels 652 which are connected to each 
other by coolant line 657. The cooling fluid exits the channel through a coolant outlet 659. 
Ahematively, the cooling fluid is circulated through the manifold. 

1^ . Tho chamba bud^ 602 defllieti a plurajitv -m^;Hrtit..a-g a. p.c..g.c fx. ^^.^ reoc tont- 
gas and cleaning gas suitable for the selected process to be delivered^in-flirdJlmber 
through the gas distribution system. Gas inlet connections 64J.,«frdiiosed at the bottom 
of the chamber 126 to connect the gas passages formgddjTthe chamber wall to the gas inlet 
lines 639. An o-ring is provided around e^etfgas passage formed through the chamber 
wall on the upper surface of the chaipWwall to provide sealing connection with the lid as 
shown in Figurel 1. The lidipeludes matching passages to deliver the gas from the lower 
portion of the chamb^^v^into a gas inlet manifold 670 positioned on top of the chamber 
lid as shownuj^urelO. The reactant gases are delivered through a voltage gradient 
feed-thrpHgh 672 and into a gas outlet manifold 674 which is connected to a gas 

The gas input manifold 670 channels process gases from the chamber gas 
feedthroughs into the constant voltage gradient gas feedthroughs, which are grounded. 
Gas feed tubes (not shown) deliver or route the process gases through the voltage gradient 
gas feedthroughs 672 and into the outlet manifold 674. Resistive sleeves surround the gas 
feed tubes to cause a linear voltage drop across the feedthrough preventing a plasma in the 
chamber from moving up the gas feed tubes. The gas feed tubes are preferably made of 
quartz and the sleeves are preferably made of a composite ceramic. The gas feed tubes are 
disposed within an isolating block which contains coolant channels to control temperature 
and prevent heat radiation and also to prevent liquefaction of process gases. Preferably, 
the insulating block is made of Delrin™ acetal resin. The quartz feed tubes deliver gas 
into a gas output manifold 674 which channels the process gases to the blocker plate 644 
and into the gas distribution plate 646. 

The gas input manifold 670 (see Figure 10) also defines a passage which delivers 
cleaning gases from a chamber gas feedthrough into the remote plasma source (not 
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shown). These gases bypass the voltage gradient feedthroughs and are fed into a remote 
plasma source where the gases are activated into various excited species. The excited 
species are then delivered to the gas distribution plate at a point just below the blocker 
plate through a conduit disposed in gas inlet passage 640. 

The gas lines 639 which provide gas into the gas distribution systems of each 
processing region are preferably connected to a single gas source line and are therefore 
shared or commonly controlled for delivery of gas to each processing region 618, 620. 
The gas line(s) feeding the process gases to the multi-zone chamber are split to feed the 
multiple process regions by a t-type coupling. To facilitate flow into the individual lines 
feeding each process region, a filter, such as a sintered nickel filter, is disposed in the gas 
line upstream fi-om the splitter. The filter enhances the even distribution and flow of gases 
into the separate gas feed lines. 

The gas distribution system comprises a base plate 648 having a blocker plate 644 
disposed adjacent to its lower surface. A face plate 646 is disposed below the blocker 
plate 644 to deliver the gases into the processing regions 618, 620. In one embodiment, 
the base plate 648 defines a gas passage therethrough to deliver process gases to a region 
just above the blocker plate 644. The blocker plate 644 disperses the process gases over its 
upper surface and delivers the gases above the face plate 646. The holes in the blocker 
plate 644 can be sized and positioned to enhance mixing of the process gases and 
distribution over the face plate 646. The gases delivered to the face plate 646 are then 
delivered into the processing regions 618, 620 in a uniform manner over a substrate 
positioned for processing. 

A gas feed tube (not shown) is positioned in the gas passage and is connected at 
one end to an output line fi-om a remote plasma source. One end of the gas feed tube 
extends through the gas outlet manifold to deliver gases from the remote plasma source. 
The other end of the gas feed tube is disposed through the blocker plate 644 to deliver 
gases beyond the blocker plate 644 to the region just above the face plate 646. The face 
plate 646 disperses the gases delivered through the gas feed tube and then delivers the 
gases into the processing regions. 

While this is a preferred gas distribution system, the gases from the remote plasma 
source can be introduced into the processing regions 618, 620 through a port (not shown) 
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provided through the chamber wall. In addition, process gases could be delivered through 
any gas distribution system which is presently available, such as the gas distribution 
system available from Applied Materials, Inc. of Santa Clara, California. 

Heater Pedestal 

Figure 9 shows a heater pedestal 628 which is movably disposed in each 
processing region 618, 620 by a stem 626 which is connected to the underside of a support 
plate and extends through the bottom of the chamber body 602 where it is connected to a 
drive system 603. The stem 626 is preferably a circular, tubular, aluminum member, 
having an upper end disposed in supporting contact with the underside of the heater 
pedestal 628 and a lower end closed off with a cover plate. The lower end of the stem is 
received in a cup shaped sleeve, which forms the connection of the stem to the drive 
system. The stem 626 mechanically positions the heater pedestal 628 within the 
processing region and also forms an ambient passageway through which a plurality of 
heater plate connections can extend. Each heater pedestal 628 may include heating 
elements to heat a substrate positioned thereon to a desired process temperature. The 
heating elements may include for example a resistive heating element. Ahematively, the 
heater pedestal may be heated by an outside heating element such as a lamp. A pedestal 
used to advantage in the present invention is available from Applied Materials, Inc., of 
20 Santa Clara, California. The pedestal may also support an electrostatic chuck, a vacuum 
chuck or other chucking device to secure a substrate thereon during processing 

Th e heater pod o o t al 628 ia rai&cd and lowered by m u ving t he tidnsfcr houoin 
down to a process, clean, lift and release position by a drive systeni$D3^iavinglinear 
electric actuators (not shown). The transfer housing is connpete^tothe actuator on one 
25 side and a linear slide (not shown) on the other throygTacarriage plate (not shown). The 
connection between the actuator and thecpmSgTis made via a flexible (ball and socket) 
joint (not shown) to allow for anj^^nli^ignment. The linear slide and carriage plate are 
biased against one anotfiei^h^prevent rotation and bending thereof A bellows surrounds 
the stem 626 oftlje-fieater pedestal 628 and connects to the chamber bottom 616 on one 
30 end andto,th^ansfer housing on the other end. A seal ring (not shown is provided in a 
g_63£Lin-t bc Atum 626 Lu seal llie ou t er au if a cu u f lliu lowu cud o f llt e -stemJnJhe. 
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Alternatively, the drive system 603 includes a motor and reduction gearing 
assembly (not shown) suspended below the chamber 130 and connected to a drive belt to a 
conformable coupling and lead screw assembly. A transfer housing is received on the lead 
screw assembly, which is guided up and down and held against rotation by a linear slide. 
The heater lift mechanism is held against the chamber 130 with the drive collar. The 
heater pedestal 628 is raised and lowered by a lead screw which is driven by a stepper 
motor. The stepper motor is mounted to the heater lift assembly by a motor bracket. The 
stepper motor drives the lead screw in a bellows. The bellows turn the lead screw to raise 
or lower the heater assembly to the process, lift and release positions. A seal ring is 
provided in a groove in the stem 626 to seal the outer surface of the lower end of the stem 
626 in the sleeve. 



Substrate Positioning Assembly 

Referring to Figures 8 and 9, the stem 626 moves upwardly and downwardly in the 
chamber to move the heater pedestal 628 to position a substrate thereon or remove a 
substrate therefrom for processing. A substrate positioning assembly includes a plurality 
of support pins 651 which move vertically with respect to the heater pedestal 628 and are 
received in bores 653 disposed vertically through the pedestal. Each pin 651 includes a 
cylindrical shaft 659 terminating in a lower spherical portion 661 and an upper truncated 
conical head 663 formed as an outward extension of the shaft. The bores 653 in the heater 
pedestal 628 include an upper, countersunk portion sized to receive the conical head 663 
therein such that when the pin 651 is fiiUy received into the heater pedestal 628, the head 
does not extend above the surface of the heater pedestal. 

The lift pins 651 move partially in conjunction with, and partially independent of, 
the heater pedestal 628 as the pedestal moves within the processing region. The lift pins 
can extend above the pedestal 628 to allow the substrate handler blade to remove the 
substrate from the processing region, but must also sink into the pedestal to locate the 
substrate on the upper surface of the pedestal for processing. To move the pins 651, the 
substrate positioning assembly includes an annular pin support 655 which is configured to 
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engage lower spherical portions 661 of the lift pins 651 and a drive member which 
positions the pin support 655 to selectively engage the lift pins 651 depending on the 
position of the heater pedestal 628 within the processing region. The pin support 655, 
preferably made from ceramic, extends around the stem 626 below the heater pedestal 628 
to selectively engage the lower spherical portions of the support pins. 

A drive assembly lifts and lowers the shaft 630 and connected pin support 655 to 
move the pins 651 upwardly and downwardly in each processing region 618, 620. The pin 
drive member is preferably located on the bottom of the chamber 130 to control the 
movement of the pin support platform 655 with respect to the pedestal heater 628. 




Gas Box and Supply 

Relemng ro Figures 2 ana on the outside of the chamber on the back en< 
system, there is a gas supply panel 219 containing the gases that^;eJo^brS^ during 
deposition and cleaning. The particular gases that areusejM^elJd^ the materials to 
be deposited onto the substrate or removedfrm»4hr£hS^er 130. The process gases flow 
through an inlet port rnXo^^^^^^^^rt^MdlxvA then into the chamber tlirough a shower 
head type ^^^sb^)siX^So^sQmh\y . An electronically operated valve and flow control 
mefibams nrcS^ol the fluw 01 gases from the g a in , uppl> inlu thi. diamU c h 
/b / ^-fe ^ embodim e nt of - tlie iiiVeiitiun t he i^vf ^rTrr^.rrr-^,.......^ _ 

box 219 to the chamber 130 where the gas line teesmtoJjKc^^ 

gases through the chamber body^sJespAeTlb^^ on the process, any 

'''^^'^ ofgases^an>_deHvgf^^ manner and can be mixed either before they aie 
<iefeefed-t5 ^bottom of tho ohaiiibci ui uuue they have entered fttrydt, UibUibuti Dn-platQ^ 

^wer Supplies 

/l^ _^ ^ 

/ i R o fornng tu Figmes 2 and 3, an advanced compact .K i' ("C gF")-pg 

system 136 is used for each processing 1^1011618.^20-.^^ to each 

gas disfribution system219^^Aa3^^ Genesis Series, manufactured by 

EMI, is mounted^^^n^^^ end of the system for each chamber. This high frequency 

i :. JcMgU L d f u i use w it h a fixed match and regulates the pow eTdeliveEedto the 



34 



PATENT 

Atty. Dkt. AMAT/3984/PDD/LOW K/JW 
Express Mail No. EL504573802US 



w..xx...«w.i5 "ic^ L.uiii,cra auuui luiwaig «uia i L imc led power. T'oiDtS lace::^::^;^ 
fr^1"^"^y R^J32HSt2L^»d-a4e.,r4^^ to a process chamber, a low 

pabtrfauei^ li, designed iuiu iliu fiAcd ma t ch mulu&ure ^ 

A 350 kHz RF generator manufactured by ENI, is located in an RF generator rack 
on the back end of the system and linked to the fixed RF match by coaxial cable. The low 
frequency RF generator provides both low frequency generation and fixed match elements 
in one compact enclosure. The low frequency RF generator regulates the power delivered 
to the load reducing the concern about forward and reflected power. 
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Programming 

l^^-Thc systefflxon troller 1 38 f^hmm in Figurcc 3 and 3 oporatoo undu lliu tmillul 
computer program stored on the hard disk drive of a computer. The conjpaTer program 
dictates the process sequencing and timing, mixture of gases„,eftSiiIber pressures, RF 
power levels, susceptor positioning, slit valve opening^Brf^ng, substrate heating and 
other parameters of a particular process. The>tg^e between a user and the system 
controller is preferably via a CRT mopkg^d lightpen (not shown). In a preferred 
embodiment two monitors are usejlfone monitor mounted in the clean room wall for the 
operators and the other momjefbehind the wall for the service technicians. Both monitors 
simultaneously display^ same information but only one lightpen is enabled. The 
lightpen detects ligj^mitted by the CRT display with a light sensor in the tip of the pen. 
To select a pajilcular screen or function, the operator touches a designated area of the 
display scj:e^ and pushes the button on the pen. The display screen generally confirms 
comnmmcation between the lightpen and the touched area by changing its appearance, i.e. 
rt-or color, or displaying a hew mefllror-sefeea. 
A variety of processes can be implemented using a computer program product that 
runs on, for example, the system controller 138. The computer program code can be 
written in any conventional computer readable programming language such as for example 
68000 assembly language, C, C++, or Pascal. Suitable program code is entered into a 
single file, or multiple files, using a conventional text editor, and stored or embodied in a 
computer usable medium, such as a memory system of the computer. If the entered code 
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text is in a high level language, the code is compiled, and the resultant compiler code is 
then linked with an object code of precompiled library routines. To execute the linked 
compiled object code, the system user invokes the object code, causing the computer 
system to load the code in memory, from which the CPU reads and executes the code to 
perform the tasks identified in the program. 

Figure 12 shows an illustrative block diagram of a preferred hierarchical control 
structure of the computer program 1410. A user enters a process set number and process 
chamber number into a process selector subroutine 1420 in response to menus or screens 
displayed on the CRT monitor by using the lightpen interface. The process sets provide 
predetermined sets of process parameters necessary to carry out specified processes, and 
are identified by predefined set numbers. The process selector subroutine 1420 identifies 
(i) the desired process chamber, and (ii) the desired set of process parameters needed to 
operate the process chamber for performing the desired process. The process parameters 
for performing a specific process relate to process conditions such as, for example, process 
gas composition and flow rates, temperature, pressure, plasma conditions such as RF bias 
power levels and magnetic field power levels, cooling gas pressure, and chamber wall 
temperature and are provided to the user in the form of a recipe. The parameters specified 
by the recipe are entered in any conventional manner, but most preferably by utilizing the 
lightpen/CRT monitor interface. 

Electronic signals provided by various instruments and devices for monitoring the 
process are provided to the computer through the analog input and digital input boards of 
the system controller. Any conventional method of monitoring the process chambers can 
be used, such as polling. Furthermore, electronic signals for operating various process 
controllers or devices are output through the analog output and digital output boards of the 
system controller. The quantity, type and installation of these monitoring and contioUing 
devices may vary from one system to the next according to the particular end use of the 
system and the degree of process control desired. The specification or selection of 
particular devices, such as the optimal type of thermocouple for a particular application, is 
known by persons with skill in the art. 

A process sequencer subroutine 1430 comprises program code for accepting the 
identified process chamber number and set of process parameters from the process selector 
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subroutine 1420, and for controlling operation of the various process chambers. Multiple 
users can enter process set numbers and process chamber numbers, or a user can enter 
multiple process chamber numbers, so the sequencer subroutine 1430 operates to schedule 
the selected processes in the desired sequence. Preferably, the process sequencer 
subroutine 1430 includes program code to perform the steps of (i) monitoring the 
operation of the process chambers to determine if the chambers are being used, (ii) 
determining what processes are being carried out in the chambers being used, and (iii) 
executing the desired process based on availability of a process chamber and type of 
process to be carried out. When scheduling which process is to be executed, the sequencer 
subroutine 1430 can be designed to take into consideration the present condition of the 
process chamber being used in comparison with the desired process conditions for a 
selected process, or the "age" of each particular user entered request, or any other relevant 
factor a system programmer desires to include for determining the scheduling priorities. 

Once the sequencer subroutine 1430 determines which process chamber and 
process set combination is going to be executed next, the sequencer subroutine 1430 
causes execution of the process set by passing the particular process set parameters to a 
chamber manager subroutine 1440a-c which controls multiple processing tasks in a 
process chamber 130 according to the process set determined by the sequencer subroutine 
1430. For example, the chamber manager subroutine 1440a comprises program code for 
controlling sputtering and CVD process operations in the process chamber 130. The 
chamber manager subroutine 1440 also controls execution of various chamber component 
subroutines which control operation of the chamber component necessary to carry out the 
selected process set. Examples of chamber component subroutines are substrate 
positioning subroutine 1450, process gas control subroutine 1460, pressure control 
subroutine 1470, heater control subroutine 1480, and plasma control subroutine 1490. 
Those having ordinary skill in the art will recognize that other chamber control subroutines 
can be included depending on what processes are desired to be performed in the process 
chamber 130. In operation, the chamber manager subroutine 1440a selectively schedules 
or calls the process component subroutines in accordance with the particular process set 
being executed. The chamber manager subroutine 1440a schedules the process component 
subroutines similarly to how the sequencer subroutine 1430 schedules which process 
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chamber 130 and process set is to be executed next. Typically, the chamber manager 
subroutine 1440a includes steps of monitoring the various chamber components, 
determining which components need to be operated based on the process parameters for 
the process set to be executed, and causing execution of a chamber component subroutine 
responsive to the monitoring and determining steps. 

Operation of particular chamber components subroutines will now be described 
with reference to Figure 12. The substrate positioning subroutine 1450 comprises program 
code for controlling chamber components that are used to load the substrate onto the 
pedestal 628, and optionally to lift the substrate to a desired height in the chamber 130 to 
control the spacing between the substrate and the showerhead 642. When substrates are 
loaded into the chamber 130, the pedestal 628 is lowered and the lift pin assembly is raised 
to receive the substrate and, thereafter, the pedestal 628 is raised to the desired height in 
the chamber, for example to maintain the substrate at a first distance or spacing from the 
gas distribution manifold during the CVD process. In operation, the substrate positioning 
subroutine 1450 controls movement of the lift assembly and pedestal 628 in response to 
process set parameters related to the support height that are transferred from the chamber 
manager subroutine 1440a. 

The process gas control subroutine 1460 has program code for controlling process 
gas composition and flow rates. The process gas control subroutine 1460 controls the 
open/close position of the safety shut-off valves, and also ramps up/dow the mass flow 
controllers to obtain a desired gas flow rate. The process gas control subroutine 1460 is 
invoked by the chamber manager subroutine 1440a, as are all chamber components 
subroutines, and receives from the chamber manager subroutine process parameters related 
to the desired gas flow rate. Typically, the process gas control subroutine 1460 operates 
by opening a single confrol valve between the gas source and the chamber 130 gas supply 
lines, and repeatedly (i) measuring the mass flow rate, (ii) comparing the actual flow rate 
to the desired flow rate received from the chamber manager subroutine 1440a. and (iii) 
adjusting the flow rate of the main gas supply line as necessary. Furthermore, the process 
gas control subroutine 1460 includes steps for monitoring the gas flow rate for an unsafe 
rate, and activating a safety shut-off valve when an unsafe condition is detected. 

In some processes, an inert gas such as argon is provided into the chamber 130 to 
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stabilize the pressure in the chamber before reactive process gases are introduced into the 
chamber. For these processes, the process gas control subroutine 1460 is programmed to 
include steps for flowing the inert gas into the chamber 130 for an amount of time 
necessary to stabilize the pressure in the chamber, and then the steps described above 
would be carried out. Additionally, when a process gas is to be vaporized from a liquid 
precursor, for example tetraethylorthosilane (TEOS), the process control subroutine 1460 
would be written to include steps for bubbling a delivery gas such as helium through the 
liquid precursor in a bubbler assembly. For this type of process, the process gas control 
subroutine 1460 regulates the flow of the delivery gas, the pressure in the bubbler, and the 
bubbler temperature in order to obtain the desired process gas flow rates. As discussed 
above, the desired process gas flow rates are transferred to the process gas control 
subroutine 1460 as process parameters. Furthermore, the process gas control subroutine 
1460 includes steps for obtaining the necessary delivery gas flow rate, bubbler pressure, 
and bubbler temperature for the desired process gas flow rate by accessing a stored data 
table containing the necessary values for a given process gas flow rate. Once the 
necessary values are obtained, the dehvery gas flow rate, bubbler pressure and bubbler 
temperature are monitored, compared to the necessary values and adjusted accordingly. 

The pressure control subroutine 1470 comprises program code for controlling the 
pressure in the chamber 130 by regulating the size of the opening of the throttle valve in 
the exhaust system of the chamber. The size of the opening of the throttle valve is varied 
to control the chamber pressure at a desired level in relation to the total process gas flow, 
the gas-containing volume of the process chamber, and the pumping set point pressure for 
the exhaust system. When the pressure control subroutine 1470 is invoked, the desired set 
point pressure level is received as a parameter from the chamber manager subroutine 
1440a. The pressure control subroutine 1470 operates to measure the pressure in the 
chamber 130 using one or more conventional pressure manometers connected to the 
chamber, compare the measured value(s) to the set point pressure, obtain PID 
(proportional, integral, and differential) control parameters from a stored pressure table 
corresponding to the set point pressure, and adjust the throttle valve according to the PID 
values obtained from the pressure table. Altematively, the pressure control subroutine 
1470 can be written to open or close the throttle valve to a particular opening size to 
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regulate the chamber 130 to the desired pressure. 

The heater control subroutine 1480 comprises program code for controlling the 
temperature of the lamp or heater module that is used to heat the substrate. The heater 
control subroutine 1480 is also invoked by the chamber manager subroutine 14403 and 
receives a desired, or set point, temperature parameter. The heater control subroutine 1480 
determines the temperature by measuring voltage output of a thermocouple located in a 
pedestal 628, compares the measured temperature to the set point temperature, and 
increases or decreases current applied to the heater to obtain the set point temperature. 
The temperature is obtained from the measured voltage by looking up the corresponding 
temperature in a stored conversion table, or by calculating the temperature using a fourth 
order polynomial. When radiant lamps are used to heat the pedestal 628, the heater control 
subroutine 1480 gradually controls a ramp up/down of current applied to the lamp. The 
gradual ramp up/down increases the life and reliability of the lamp. Additionally, a built- 
in-fail-safe mode can be included to detect process safety compliance, and can shut down 
5 operation of the lamp or heater module if the process chamber 130 is not properly set up. 

The plasma control subroutine 1490 comprises program code for setting the RF 
bias voltage power level applied to the process electrodes in the chamber 130, and 
optionally, to set the level of the magnetic field generated in the chamber. Similar to the 
previously described chamber component subroutines, the plasma control subroutine 1490 
) is mvoked by the chamber manager subroutine 1 440a. 

^ ^ ^1"!^ ^li^ ^y^teni of the presen Tiu v ei ll ioii w as - d e sLiibcd dbuve ■^vi th rcfcrcnoa =te-ft^ 
plasma enhanced CVD application, it is to be understood that thej^yentioT^liT^udes 
the use of high density (HDP) CVD and PVD chamberg^as^iTTetch chambers. For 
example, the system of the present inventioncaj^^^td^ed to include tandem HDP CVD 
chambers for plasma processing. Inoperative embodiment, the gas distribution/lid 
assembly could be replaced witl^^ectric dome having an inductive coil disposed about 
the dome and an RF po^^pply comiected to the coil to enable inductive coupling of a 
high density plasnjar<ithin the chamber. Similarly, tandem PVD chambers could be 
configuredvvjtira target assembly disposed thereon for a deposition material source. DC 
powei^lies could be comiected the target assembhes to provide sputtering power 
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3 



MesoDorous Oxide Filmt 

While the following process descriptions apply to the use of the dielectric 
deposition module to deposit mesoporous oxide films and the capping module to deposit 
sihcon dioxide, silicon nitride, sihcon oxynitride. and amorphous sihcon carbide, 
BLOkTM, films, the invention contemplates the deposition of other materials which may be 
used with the processes performed in the dielectric deposition module and the capping 



module. 



Figure 13 illustrates a process for fonning a mesoporous oxide dielectric on a 
substrate. The process includes depositing a sol gel precursor solution containing a 
surfactant on a substrate, curing the deposited sol gel to form an oxide film, and exposing 
the film to an oxidizing enviromnent, such as an ozone plasma, to remove the surfactant 
and form a mesoporous dielectric film. Materials may be substituted in several of the 
process steps to achieve various effects, and processing parameters such as times, 
temperatures, pressures, and relative concentrations of materials may be varied over broad 
ranges. In any case, another method which produces a similar porous dielectric layer could 
be substituted for the described method. 

^ The p rotc . btgiiis ill the l ii gh ma ^ mii dcpuMtiuii iiiudule ^-^he^^gtjgB:^ 
sol gel precursor. Sol gel precursors are typically^jp^d-^jTS^-^^ 
sihcon/oxygen compound, water, and a surfectapt^tr^iT^c solvent. Any conventional 
method known in the art may beused-t<r^ sol gel precursor, but a exemplary sol gel 
precursor of the inrventioi^^^ formed by a mixture of tetraethylorthosilicate (TEOS), 
ethmiol^vat^^ An optional acid or base catalyst may be fimher used m 

The sol gel precursor is then applied to the substrate by either a spin-on coating or 
spray-coating method, but preferably by a spin-on coating deposition process. During 
spin-on coating, centrifugal draining allows the fihn to substantially cover the substrate in 
a thin layer of sol gel precursor. The sol gel precursor on the substrate is then subjected to 
a curing process to remove solvent and water fi-om the sol gel to form intercomiecting 
pores of unifonn diameter, preferably in a cubic phase structured fihn. Next, the fihn is 
exposed to an oxidizing enviromnent wherein the surfactant is removed from the fihn and 
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is transformed into a mesoporous oxide film 
used in the deposition of silicon containing layers in 



uctor manufacturing, 

wherein silica sols are most preferJlj^jasedr-T^ precursor compound 

tetraethoxysilane (TEOS2,jj^^ silane, methyltriethoxy silane are preferably 

used,[however^^fl5rWimercially available or conventionally used sol gel silicon/oxygen 

. suuh ds teti' am c tliuA>'silaiie (IMUSj may be used w il., 

^ ut''-^ 111 sul gel precursoF Ttu exisUrfe effective dispersioj 

silicon/oxygen compounds in the solution for even fihn contenpd^kti^ on the 
substrate. Surfactants may be anionic, cationic, or non-iopie<S^fectants use bonding 
groups that are hydrophilic to ensure a thoroughdi^pefgi^in a solvent containing water.. 
Non-ionic surfactants have chemical bopdififgroups that are uncharged or neutral 
hydrophilic groups while anionicx^ cationic surfactants have bonding groups 
respectfully charged negativ^Jy^ positively. For the formation of the intercomiecting 
pores of uniform diamp<preferably in a cubic phase structure of the invention, a non- 
ionic surfactant><ed and is preferably selected from the group of primary amines, 
polyoxyetl^e oxides-propylene oxide-polyethylene oxide triblock copolymers, 
octaeJh5;iene glycol monodecyl ether, octaethylene glycol monohexadecyl ether, and 
inations thereof, 

An organic solvent is used in the solution to help provide for silicon/oxygen 
compound dispersion in the sol gel and for ease in spraying or depositing the sol gel on the 
substrate in the spinner chamber. The present invention uses organic solvents, preferably 
alcohols, selected from the group of ethanol, n-propanol, iso-propanol, n-butanol, sec- 
butanol, tert-butanol, ethylene glycol, or combinations thereof The organic solvent in the 
deposited sol gel is typically removed by a curing process that may comprises one or more 
steps between about 50°C and about 450°C. The curing process is preferably performed 
for about one minutes to about ten minutes in a curing^aking chamber. 

During the curing step, preferential evaporation of the organic solvent and some 
removal of the moisture in the film increases the concentration of non-volatile surfactant 
and silicon/oxygen compounds such as silica. As the surfactant concentration increases, 
the surfactant and the silicon/oxygen compound form molecular assembUes within the 
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thinning film. Continued drying solidifies the film, entrenching the film microstructure 
which in the invention is a cubic phase structure of intercomiecting pores of uniform 
dimeter as shown in Figure 1 3 . 

" ^ hn dn r m it nri film uApu jod to an u xid iT-i n g atmm jp h u ro at on ckiati 
temperature. The temperature of the oxidizing atmosphere is preferably in^hef^I^of 
about 200°C to about 400°C. The oxidizing enviromnent preferab^^^iei^SC a oxygen, 
ozone, or an oxygen plasma to form a reactive oxygen specie^^^in most preferably, a 
ozone plasma is formed in the chamber. The plasma is^€?formed at a pressure of between 
about 0.5 Torr and about 10 Torr. The oxygen s^^bombard the film and react with the 
surfactant and any remaining moisture an^^ent, thereby removing those agents fi-om 
the film. The ion species are highlj^^e and only require a short exposure of about 0.5 
minutes to about 5 minutes for^;gifWal of the surfactant. As the surfactants are removed 
fi-om the film, pores are foprl^ as the silicon/oxygen component of the assemblies retain 
the shape of the ^ci^lm, preferably a cubic phase structure, and harden to form a 
mesoporous filnj/the pores are usually have an interconnected structure, but many have 
terminar^:afiches or may form amorphous layers. The selective formation of the 
mesop<J^ous films result in a highly porous film of greater than 50% air with an exhibited 
di^cctrio ooiis l diil uf less than 2.5, pieferably between uUuui 2.1 Mid l. -t^ 

Alternatively, the mesoporous oxide film can be formed by removing the surfactant 
in a high temperature anneal of about 400°C to about 450°C. The annealing process may 
be performed at pressures ranging fi-om near vacuum to atmospheric. Preferably, the 
annealing step is performed at a similar pressure to the pressure of the deposition module, 
i.e. greater than about 300 Torr. More preferably, the amiealing process is performed at a 
pressure between about 300 Torr and about 700 Torr, most preferably between about 500 
Torr and about 700 Torr. However, the annealing step may be performed at near vacuum 
pressures similar the oxidizing plasma process at a pressure of about 10 Torr or less. The 
film is annealed in a non-reactive atmosphere, where the non-reactive gases are preferably 
niti-ogen, an inert gas, such as argon and helium, or combinations tiiereof The oxide fihn 
is preferably amiealed when the precursor compounds comprise methyl or phenyl groups, 
such as in phenyltriethyloxy silane and methylbiethoxy silane. Annealing of the fihn 
deposited from the methyl or phenyl containing precursor compound prevents oxidation 
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and removal the of methyl and phenyl compounds. With the retained methyl and phenyl 
groups, the film has a higher carbon content, which is believed to provide for a lower 
dielectric constant film. The annealing step likewise produces highly porous film of 
greater than 50% air with an exhibited dielectric constant of less than 2.5, preferably from 
5 about 2.2 to about 1 .6. 

Mesoporous oxide films are highly hydrophilic and sensitive to moisture 
contamination, wherein moisture (dielectric constant (k) > 78) contamination can have a 
detrimental effect on the film's overall dielectric constant. Therefore, the film is typically 
post treated by silylating the fihn and/or capping the film with a capping layer. 

Silylation is the process of introducing silicon into the upper surface of a deposited 
film. In a chemical reaction, liquid phase or vapor phase diffiision of a reactive 
organosilane occurs in a reaction chamber, causing the hydrogen of hydroxyl groups 
present on the upper surface of the film to be replaced with an organo-silicon group, most 
commonly a trimethyl silyl group. An example of such a chemical reaction is the 
introduction of hexamethyldisilazane (HMDS) over a dielectric layer on the substrate to 
form a silyl ether. The silylation process is accomplished by diffusing a silylating agent at 
a temperature between about 25°C to about 200°C. which affects the exposed mesoporous 
oxide film to make the exposed film hydrophobic. The preferred silylating agents in this 
invention are tetramethyl disilazane (TMDS), hexamethyl disilazane (HMDS), and 

20 dimethylaminotrimethyl silane, or combinations thereof 
^5<C^ . 
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~Vdyei limy be iuiy iii^ 



. — . » v/^iu\^ lajyyi may TTc 

which provides a barrier from diffusion of such materials as moisture, whic 



^ves as an 



25 



etch stop, or which serves as a hard mask. Preferably, thec^ppin^ayer is an low 
dielectric film deposited by a plasma enhanced chemioaT^or deposition (PECVD) 
chamber at chamber pressures of about 0.5 TorrJ^^t 10 Toit. Examples of suitable 
materials are silicon dioxide, silicoiinijFid<1ilicon oxynitride, and amorphous silicon 
carbide. An exemplary materiaperH^^as a liner layer is an amorphous silicon carbide 
layer, BLOk™, which>-fcribed in U.S. Patent Apphcation Serial No, 09/165,248, 
entitled, "ASili^oif^bide Deposition For Use As A Barrier Layer And An Etch Stop", 
^I Pd tw-f y tn h er 1 , 1 99 8 , a n d inoo tpo idted lieiein r- 



44 



10 



15 



) 



PATENT 

Atty. Dkt. AMAT/3984/PDD/LOW K/JW 
Express Mail No. EL504S73802US 



Deposition of a Dual Damascene Structure 

A dual damascene structure which includes a mesoporous oxide layer with 
amorphous silicon carbide etch stops is shown in Figure 14. The mesoporous oxide 408 is 
deposited on a substrate 402 as described above, the substrate having patterned conducting 
lines 404 formed therein with a substrate etch stop 406 of silicon nitride or amorphous 
silicon carbide, preferably BLOk™, deposited thereon, and then a first etch stop 410 is 
deposited on the mesoporous oxide 408, the first etch stop 410 preferably being BLOk™. 
The first etch stop 410 is then pattern etched to define the openings of the contacts/vias 
415. A second dielectric layer 414 which may be a mesoporous oxide layer, is then 
deposited over the patterned first etch stop 410, and then a second etch stop 416, the 
second etch stop preferably being BLOk™ before being pattern etched by conventional 
methods to define the intercomiect lines 417. A single etch process is then performed to 
define the interconnects down to the patterned lines 404 and to etch the unprotected 
dielectric exposed by the patterned etch stop to define the contacts/vias 415. Once etched, 
a liner layer 420 and subsequent conducting metal 422 are deposited to fill the 
interconnect 417. The interconnect can then be planarized and capped with a silicon 
nitride or BLOk™ layer 424. 

A preferred dual damascene structure fabricated in accordance with the invention is 
shown in Fig. 14, and the method of making the structure is sequentially depicted 
schematically in Figures 15A-15H, which are cross sectional views of a substrate having 
the steps of the invention formed thereon. As shown in Fig. 15 A, an initial oxide or first 
mesoporous oxide dielectric layer 408 is deposited on the amorphous silicon carbide 
BLOk™ substrate etch stop 406 disposed conformally on the substrate 402 as described 
herein to a thickness of about 5,000 to about 10,000 A, depending on the size of the 
structure to be fabricated. As shown in Fig. 15A, a low k etch stop 410, which is 
preferably a BLOk™ layer, is then deposited on the first dielectric layer 408 in a capping 
module to a thickness of about 200 to about 1000 A. A photoresist layer 412 is then 
formed on the etch stop 410 by any conventional means known in the art with an opening 
413 formed therein. The low k etch stop 410 and dielectric layer 408 are then pattern 
etched to define the contact/via openings 415 and to expose first dielectric layer 410 and 
substrate etch stop 406 in the areas where the contacts/vias are to be formed as shown in 
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Fig. 15B. Preferably, the low k etch stop 410 is pattern etched using conventional 
photolithography and etch processes using fluorine, carbon, and oxygen ions. 

1 -AfteNo^ ^rh rt n p 11 0 h n c boon a Ji.J lu pa l luu U.c LUlllaclsyvias and the pl^ 
resist has been removed as shown in Fig. 15B, a second mesoporous oxide dieiee^rCer 
414 is deposited over etch stop 410 to a thickness of about 5,000to,^^!^0,000A as 
shown in Fig. 12C. A second etch stop 416, preferably of BLpk^^^osited in a capping 
module as shown in Fig. 15C, and a photo resist layej>41^e deposited on the second 
mesoporous oxide dielectric layer 414, prior tobpiri^ttemed to define intercomiect lines 
417, preferably using conventional photoljlh^phy processes, such as trench lithography, 
as shown in Fig. 15D. The intercopri^s and contacts/vias are then etched using reactive' 
ion etching or other anisotr^tching techniques to define the metallization structure 
(i.e., the intercomiectapd^ntact/via) as shown in Figure 15E. Any photo resist to pattern 
the second etdi^ H6 or the second dielectric layer 414 is removed using an oxygen 
strip, inert^al, or other suitable process. The substrate etch stop 406 is similarly 
str^^^d^ provide for contact between the patterned lines 404 and any subsequent 
m-itan-oi ^ppn'iitinm m iho w i i in Fig. IJF. 

The metallization structure is then formed with a conductive material such as 
aluminum, copper, tungsten or combinations thereof Presently, the trend is to use copper 
to form the smaller features due to the low resistivity of copper (1.7 mW-cm compared to 
3.1 mW-cm for aluminum). Preferably, as shown in Fig. 15G, a suitable barrier layer 420 
such as tantalum, tantalum nitride, or tungsten nitride, but preferably tantalum nitride, is 
first deposited conformally in the metallization pattern to prevent copper migration ilto 
the surrounding silicon and/or dielectric material. Thereafter, copper 422 is deposited 
using either chemical vapor deposition, physical vapor deposition, electroplating, or 
combinations thereof to form the conductive structure. A seed layer (not shown), 
preferably of copper or doper copper, may be deposited prior to the deposition of the 
copper fill 422 to ensure a voidless fill of the interconnect 417. Once the structure has 
been filled with copper or other metal, the surface is planarized using chemical mechanical 
polishing, and capped with a silicon nitride or amorphous silicon carbide BLOk™ layer 
424 as shown in Fig. 1 5H. 

While foregoing is directed to the preferred embodiment of the present invenfion. 
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other and further embodiments of the invention may be devised without departing from the 
basic scope thereof, and the scope thereof is determined by the claims that follow. 



